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SUMMARY 


Ventral fin loads, expressed as normal force coefficients, bending moment 
coefficients, and torque coefficients, were measured during flight tests of a Y1 A 
airplane. Because of the proximity of the ventral fin to the ailerons , the aero- 
dynamic loads presented were the result of both sideslip loads and aileron crossflow 
loads. Aerodynamic data obtained from strain gage loads instrumentation and some 
flight pressure measurements are presented for several Mach numbers ranging rom 
0.70 to 2.00. Selected wind tunnel data and results of linear theoretical aero ynamic 
calculations are presented for comparison. 


INTRODUCTION 


Because of their lower aerodynamic drag, low-aspect-ratio lifting surfaces are 
becoming more prevalent in high-speed aircraft designs. Typical examples are the 
low-aspect- ratio stabilizing surfaces used on both the XB-70 and YF-12 airplanes. 
Literature searches revealed very little experimental data to support recent advances 
in theoretical methods for predicting aerodynamic loads on very low -aspect- ratio 
lifting surfaces. References 1 to 3 present flight -measured aerodynamic loads data 
on the low-aspect-ratio lifting surfaces of trapezoidal planforms shown in figure 1 . 

Of these three lifting surfaces, the XB-70 canard has the lowest aspect ratio at 1.65. 
For comparison, the YF-12 ventral fin with a 0.92 aspect ratio is also shown. 

The change in lift curve slope and chordwise center-of-pressure location with 
Mach number is shown in figure 2 for the four planforms presented in figure 1. The 
three planforms with aspect ratios greater than 1.5 have similar characteristics in 
terms of the magnitude of the lift curve slope , the chordwise center-of-pressure 
location, and the variation of these two parameters with Mach number. However , or 
Mach numbers in the transonic region, the YF-12 ventral fin with an aspect ratio less 
than 1 shows distinct differences in the magnitude of the lift curve slope and 
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in the location of the chordwise center of pressure. Because the YF-12 ventral fin 
data differed significantly from data on the planforms with aspect ratios greater than 
1.5, the centerline ventral fin of the YF-12A airplane was studied to add to the avail- 
able data on low-aspect- ratio lifting surfaces at transonic speeds where the aero- 
dynamic loads tend to be most severe . 


The YF 12 ventral fin structure was found to be very rigid during ground tests 
and was considered to remain rigid throughout the flight envelope investigated. 

This rigidity made the flight data obtained from the ventral fin ideal for comparison 
with wind tunnel data and with theoretical aerodynamic calculations for rigid 
structures. 

Aerodynamic data obtained from strain gage loads instrumentation and some 
flight pressure measurements are presented for several Mach numbers ranging from 
0.70 to 2.00. Selected wind tunnel data and results from theoretical aerodynamic 
calculations are presented for comparison . Because of the proximity of the ventral 
fin to the ailerons , the measured aerodynamic loads resulted from a combination of 
sideslip loads and aileron crossflow loads . 


SYMBOLS 


Physical quantities in this report are given in the International System of Units 
(SI). The measurements were taken and calculations were made in U.S. Customary 
Units. Factors relating the two systems are presented in reference 4. 

The results of this investigation were derived from data obtained using the 
reference ventral-fin-panel planform defined in figure 3. The bending moment 
reference axis is the strain gage instrumentation axis. This axis is located at the 
62.62-centimeter ventral fin station and is oriented normal to the 69.5-percent chord 
line. For clarification, the reference dimensions and areas used to nondimensionalize 
the flight data are included in the symbols list . 
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reference ventral fin local chord , cm 

reference ventral fin mean aerodynamic chord measured normal to 
69.5-percent chord at ventral station 125.48 cm, 299.59 cm 

Mach number 

mean aerodynamic chord 

reference ventral fin aerodynamic normal force , N 

2 

local static pressure on left surface of ventral fin, N/m 

2 

local static pressure on right surface of ventral fin, N/m 

2 

free stream dynamic pressure, N/m 

2 

reference ventral fin area, 4.00 m 
reference ventral fin torque , m-N 

chordwise distance rearward of leading edge of local chord , cm 
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reference ventral fin chordwise center of pressure location 

leference ventral tin spanwise center of pressure location, 

airplane angle of attack, deg 
airplane angle of sideslip , deg 

differential aileron deflection, left aileron position minus ri 
aileron position, deg 



ght 


FLIGHT TEST VENTRAL FIN DESCRIPTION 


he ventral fin , located on the aft fuselage of the YF-12A aircraft (fig- 4) i s 
h 16 J? 0t !f- S f the fr ° nt Spar (40 “P erc ent chord) and at the aft spar 
ance P ' Th^fi^ 1 ^ v h"? 18 f ° lded parallel to the win & for takeoff and landing dear- 
chord ratio of 0 0 ^ ^°^ ^ * hexagonal airfoil shape with a thicknels-to- 

chord latio of 0.03, was designed to increase lateral-directional stability at high 

an^sj^'ct "ratio of"o! 9 ^(fig* S ^^^s^hown^hi^figur^ 

where « is subiect *° >”*•“<» by the "aSSSSS 

The substructure of the ventral fin is constructed of titanium The leadinp- anH 

constructed from a beryllium-aluminum alloy . 
the stillness of the tin, determined from static loadings, precluded measuring- an/ 
aeroelastic effects throughout the flight envelope investigated. g an Y 


FLIGHI INSTRUMENTATION AND ACCURACIES 


The ventral fin was instrumented with strain gages located at its root and with 
four chordwise rows of static pressure orifices. To measure shear or normal force 
bending moment , and torque on the ventral fin, the strain gages were calibrated 

hole? H he ii m H t I/ d deacr u lbed in reference 5. Most of the static pressure orifices were 
p h J ® drdled th rough the center of skin fasteners, with the exception of the leading 
edge orifices which were holes drilled in the leading edge. Two types of pressur e g 
sensing instrumentation were used. The first type intended to obfoin data only 
unng steady state flight maneuvers, was scanning valves plumbed to chordwise 
pressure orifice rows at the 93.98-centimeter, 119.18-centimeter, and 173 48-centi- 
meter ventral stations . The second type , intended to obtain data during both steadv- 
state and dynamic flight maneuvers , was individual pressure transducers plumbed 7 
l a tinn f/ Se Pressure orifice row at the 144.53-centimeter ventral station. The 
location of the pressure orifices and strain gage instrumentation is shown in figure 5 
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The measurement of aircraft parameters such as Mach number , angle of attack , 
and angle of sideslip have been documented in other reports , such as reference 6 . 
The estimated accuracies of all measured quantities used in this report are presented 

in table 1. 


WIND TUNNEL TESTS 

Transonic pressure measurements were obtained from tests of the 1/12-scale sting- 
mounLd modefof the YF-12A airplane in the NASA Ames 11-Foot Wind Tunnel The 
wind tunnel model ventral fin was instrumented with four chordwise r°ws of static 
pressure orifices which corresponded closely to the relative locations of the pressure 
orifices on the ventral fin of the flight vehicle. Most of the pressure data were 

obtained at a Reynolds number of 7.62 X 10 6 per meter, and a few selected points were 

run at a Reynolds number of 20.32 X 10 6 per meter. Since no apparent differences 
were noted^in the data, the wind tunnel data obtained at the lower Reynolds number 
were used. These data were integrated to obtain the ventral fin aerodynamic loads . 


THEORETICAL ANALYSIS 


The theoretical data were obtained from the FLEXSTAB computer program (ref. 7) 
FLEXSTAB is a system of digital computer programs based on linear theories lor 
evaluating the static and dynamic stability , trim state, structural loading, and 
elastic deformations of arbitrary aircraft confi^rations m subsonic anc 1 
flight. The linear aerodynamic analytical method used in FLEXSTAB is essentially 
thft developed by Woodward (refs. 8 and 9) for representing supersonic flow about 
w'hig-body ^combinations . The method has been extended to include subsonic flow 
with arbitrary wing-body , nacelle, and tail arrangements. 

When using the FLEXSTAB program to calculate the ventral fin loads , no attempt 
was ma^e to incorporate boundary layer effects. Since ground static loadings 
showed the ventral fin to be very rigid, all theoretical aerodynamic data presented 
for comparison with flight- measured data and wind tunnel data are for a rigid in 

configuration . 


RESULTS AND DISCUSSION 


The flight loads were obtained from two types of maneuvers. { 1 ) a dynamic 
aileron pulse maneuver which imposed essentially pure aileron crossflow loads on 
the fin ? and (2) a steady-sideslip maneuver which imposed a combination of sideslip 
mid aileron crossflow loads on the fin. Pressure load distributions of wind tunnel 
aileron crossflow loads and flight- derived steady-sideslip loads for a Mach number 
of 0.90 are presented in figures 6 and 7, respectively. 

Figure 6 presents a representative wind tunnel pressure load distribution due 
to aileron deflection along the four chordwise rows of pressure orifices. It appears 
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i s ^onc^ n t r ate d ^at he °rr^f e (^f e th * °f • ° n ^ endin ^ moment is negligible because the load 
s concentrated at the root of the fin. However, the torque load is notable due to the 

long moment arm about the quarter chord point of the MAC . In this case the load is 

concentrated toward the trailing edge of the ventral fin from about 70 percent to 

100 percent of the MAC depending on Mach number. 

Figure 7 shows a flight ventral fin pressure distribution during a steady-state 
sideslip maneuver . It suggests that the increase in angle of sideslip loads the ip!„in, 
edge of the fin while the aileron deflection loads the aft portion of the fin in the g 

pposite direction. While this combination tends to cancel normal and bending 

MAC 6 " This ’ 1 1 V endS t0 increase torc i ue about the quarter chord point of the 

MAC. This could cause an excessive torque load during certain flight conditions 

Figure 7 shows the differential surface pressures, AC . For the flight condition 

presented, the A C p distribution in the vicinity of the leading edge is representative 

of the distribution of the pressures on the surface with the low pressure field. 

eiefore, the high leading edge pressures of rows 2,3, and 4, followed bv the 
arge pressure gradient, suggest that a leading edge vortex is present. 

Figure 8 presents flight-measured aerodynamic normal force coefficient data 
bending moment coefficient data , and torque coefficient data plotted ^against mle of 

calpiVr h f 6Se d ifT ta K re com P ared Wlth wind tunnel measurements and theoretical 
calculations for a Mach number of 0.90. The flight data were obtained from the 

corre n cted g f instrumentatlon during steady sideslip maneuvers and were 

corrected for the presence of the aileron crossflow loads by subtracting the aileron 
crossflow component loads (C 6 ,C 8 and r k lit, t g me aileron 

Ng a u B °a’ and r a ^ w bich were determined 

oh^C^data^tbif-^ and -6° ^gle^f V sidesnp^ < the^presence^f 0 a leading V edge r ° m 
vortex condition appears to have influenced the integrated pressure data Rv in- 
dieating a decrease in torque at the lower sideslip angles, the C data do not appear 

to substantiate the vortex effects shown by the C N and data. However, because 

thPPfWt^fn 6 ' 1 ^ f W6eP and the idealized geometric planform shape, and because 
he effect of the vortex seems to be most pronounced at the outboard rows of pres- 

U1 £.° ri 1 ^ es ’ de eff ect of the vortex should be more pronounced on the integrated 
coefficients of and than on C r Also , since the large pressure gradients af 

the leading edge are defined by only a few pressure orifices , the effect of the lead- 
ing edge vortex on the C T data is probably lost in the resolution of the data and In 

the mechanics of the integration. The theoretical calculations are based on linear 
theory and do not account for the presence of a leading edge vortex. 

Slopes were obtained from the data presented in figure 8 and from similar data 
obtained at other Mach numbers. These computations presented in figure 9 show 
the normal force coefficient slopes as well as the spanwise and chordwise center-of- 
pressure locations . The flight-derived Cjv data show that the maximum value of 
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C N occurs at low supersonic speeds around Mach 1.2 to Mach 1.4. The wind tunnel 
// da , a agree with the flight data at Mach 0.70 and Mach 0.90, but underpredict the 
P i + ivTcio’h n Thp disagreement at Mach 0.95 may be due 

of C with Mach number, but slightly undei pi edict 

N p P 

pre^sur^ocaUons^^r^from^Z^percent^ ^^per^ii^of the S semis 1 pan Cel The^^ind 

loc^oi^between'^^percen^and^^^percent^f ^the ^end^pan^A^superscudc conditions , 
the flight- measured spanwise center of pressure shifts substantially inboard. 

An analvsis of the strain gage calibration data indicates that a larger than actual 
", £ obuLd from ?he bending moment — ££%££* 

is most highly loaded. 

Transonically, the flight t data show , that a. M^ro”^ 0 '' 08 

?hTw 2 inr,unn n el1a\ h a\Zw C a simUar irend W..K Mach number, but indicate that the 
center of pressure is located slightly farther aft. 

the rss ii“ sfn «r r 

£ see 

moves aft and approaches 50 percent of the MAC at Mach 2. 

Fio-nm 10 shows the aileron crossflow loads which were obtained from aileron 
pulse maneuvers . At Mach numbers of 0.98 and above .aileron de ections o no 
p „ ® trfl1 fin loads . however, for transonic Mach numbers less than 0.98, 

affect the ventral 1 d , h ventral fin loa ds , most notably the torque loads , 

cT° n Transonically , C„ and C fi are fairly constant with change in Mach 


number , but C. 


varies in level from -0.0016 at Mach 0.7 to -0.0027 at Mach 0.95. 


Although the effects of C and C 


are small or even negligible when compared 


with the loads imposed on the ventral fin from sideslip (figs. 8 and 9) , torque loads 
due to aileron deflection, C„ , are significant when compared with torque loads 

a 
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due to sideslip, . The wind tunnel data show good agreement with the 

of?!?® the ° r ?i C .f!j:^^ a . tio ” S at Mach °- 90 show g° od agreement with 

and ' ^he discrepancies may 


the flight data for C T but overestimate C. 

8 N 8 
a °a 


airpiane,s confiBura,ion f ° r 


CONCLUDING REMARKS 


fi i n-ht^f a f rod ynamic loads of a 0.92-aspect- ratio ventral fin were measured during a 
g es program of the YF 12A airplane. These data, which cover the Mach 

wflTda r ta ra nM e - fr °H n f 0 ' 70 t0 ^° 0 ’ ^ presented in coefficient form and are compared 

t?in h nf i r bt ed f ^° m Wind tunnel tests and With the results obtained from applica- 
tion of a linear aerodynamic theory. pp ca 

The loads induced on the ventral fin were found to result from (1) the load due 

to change in the angle of sideslip and (2) the load due to aileron deflection because 
of the proximity of the fin to the ailerons . Decause 

The flight data show that the slope of the normal force curve peaks at a Mach 

number of about 1.2 to 1.4 instead of about Mach 1.0, as is the case with slightly 

^ h aspect_ratl ° P^forms. Also, as the Mach number increases transonicafly 

h ? r M W \! e n Center_0f_preSSUre location moves forward from 22 percent of the 

n,fmh at MaCh °' 7 t0 10 percent of the MAC at Mach 0.95 before moving aft as Mach 
number increases supersonically. & 

vort!i n !fl!T e l 1 3 nd flight pressur : e data suggest the presence of a leading edge 
nr . whlch ad ds an increment of load to the ventral fin and which results in a 
nonlinear normal force curve . 

t . fl he K ! V1 i ld tu ^, el d f a and theoretical calculations were in fair agreement with 
the flight data although the data from the theoretical calculations were not as sen- 
siflve to change in Mach number as were the flight-measured data and the wind tunnel 

of O^g ^Hhonah ° f i the ai !f r n nS t affeC i. ed the ventral fin load s up to a Mach number 
W ‘rl ' t ,f aileron deflections had little effect on the normal force and bend- 

ng moment coefficients, they had a pronounced effect on the torque coefficient since 

g re ate r ^ha n ^1 a c h °fl W t h ^ concentrate d on the aft portion of the fin . At airspeeds 
greater than Mach 0.98 there were no aileron-induced loads on the ventral fin. 

th _ I/ 16 f ° rwar> d center-* of- pres sure location of the additional airload could influence 
If thP ^ T t 8 -? °I V6 7 3 ow - aspect - ratio lifting surfaces, and the combination 
loads on^ s “peof fin. orossHow loads could result In large torque 
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TABLE 1.-YF-12A FLIGHT INSTRUMENTATION ACCURACY 


Parameter 

Mach number 

Supersonic 

Subsonic 

Airspeed, m/sec 

Supersonic 

Subsonic 

Altitude, m 

Subsonic, supersonic 

Transonic 

Dynamic pressure, N/m 2 

Supersonic 

Subsonic 

Angle of attack, deg - 

Subsonic, supersonic 

Transonic 

Angle of sideslip, deg 

Flevon position, deg 

Fuel quantities, N 

Accelerations, g 

Vertical 

Lateral 

Longitudinal 

Attitudes, deg 

Pitch 

Roll ’ ’ 

Yaw 

Rates, deg/sec 

Pitch 

Roll 

Yaw 

Pressure coefficient 

Normal lorce coefficient, percent . 

Bending moment coefficient, percent 


Torque coefficient, percent 


Estimated accuracy 


. . ± 0.012 
. . ± 0.004 


±0.3 

±0.5 


. . . ± 46 
. . . ± 67 


. . . ±72 
. . . ± 287 


±0.25 

. . . . ±0.50 

±0.25 

± 0.1 

±1334 


±0.04 

±0.01 

± 0.06 


±0.4 

±1.2 

±0.4 


± 0.1 

±0.1 

± 0.1 

±0.01 

5 

15 

8 
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Reference 1 


Reference 2 


X-3wing X-15wing 



Reference 3 




Aspect ratio 165 


0.92 


Fieure 1 -Some low-aspect-ratio lifting surfaces for which experimental 
aerodynamic loads data are available. Planforms not drawn to scale. 
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Figure 2. -Variation of flight-determined lift curve slope and chordwise 

center of pressure location with Mach number for several low-aspect- ratio 
lifting surfaces. 



Actual fin 

Area = 4.00 m Defined planform 



Figure 3.— Defined planform of flight test ventral fin, YF 12A airplane. 
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Figure 9.— Variation of ventral fin normal force coefficient slo 
center-of-pressure locations with Mach number. 
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Figure 10 .—Variation of ventral fin load coefficients due to aileron 
deflection with Mach number. 


